Sorghum is used as a source of energy alternative to corn, however, its low pigments content are considered hindrance to the use of this feedstuff for poultry. The inclusion of annatto seed by-product (ASB) may solve this problem. In this context, the objective of this study was to evaluate the effect of ASB inclusion in diets containing sorghum as the main source of energy on performance, carcass traits, meat color, and economic viability in the production of slow-growth broilers. A total of 420 sexed chicks of the Carijó Pesadão line were distributed in a completely randomized design according to a 2 × 7 factorial arrangement, with three replicates of 10 birds per treatment. Studied factors were two sexes (males and females) and seven diets, wherein one had corn as source of energy and the others contained sorghum plus inclusion of 0, 3, 6, 9, 12, and 15% of ASB. Irrespective of the sex, diets did not affect feed intake (g/bird), feed conversion (g/g), yields (%) of carcass, breast and drumstick+thigh, percentage of abdominal fat, or relative weight of the liver. However, the inclusion of ASB influenced the color parameters of the meat making it more pigmented and improved the economic viability parameters. In diets for slow-growth birds containing sorghum as the main source of energy, ASB can be included up to 15%, and meat pigmentation problems can be reduced with total substitution of corn by sorghum with inclusion of ASB from 3%.
INTRODUCTION
In poultry diets, corn is the most widely used energetic ingredient, as it provides approximately 65% of the metabolizable energy and 20% of the protein, sometimes composing around 60% of the diet supplied to these animals. Depending on the time of the year, this ingredient may account for approximately 40% of the production cost (Gomes et al., 2007) . This has been causing preoccupation among producers and researchers, who, in an attempt to reduce the feed cost, constantly seek alternative ingredients for diet formulation.
Among the alternative feedstuffs, sorghum is commonly used as a source of energy alterative to corn. Despite the nutritional traits and economic viability attributed to sorghum, its low xanthophyll and carotene contents are considered the main hindrance to the use of this feedstuff in poultry diets. Though they do not provide Ciênc. Agrotec., Lavras, v.39, n.3, p.248-259, maio/jun., 2015 nutritional value, these pigments gives the yellow-orangish color to the skin and meat of broilers, which is an important characteristic for the consumer preference (Garcia et al., 2005) . Both artificial and natural pigments have been added to poultry diets aiming to fix this problem. However, because of consumers' restriction and the rigorous legislation of developed countries in recent years, which prohibit the addition of synthetic pigments to animal diets and human food, the option of using natural pigments has grown (Moreno et al., 2007) .
In this scenario, among the tested natural pigments, those deriving from annatto seed (Bixa orellana L.) have stood out in both human and animal feeding. Consequently, the processing of annatto seed in the different regions of Brazil has increased. In obtaining the paprika and extracting the pigments for the industry of natural colorants, approximately 97% to 98% of the crude annatto seed is unused, becoming a waste that may pollute the environment when disposed of by industries (Silva et al., 2006) . This processing waste, named annatto seed by-product (ASB), also has a red color, and its chemical composition values indicate that it can be used in animal feeding. Thus, the objective of this study was to evaluate the effect of inclusion of ASB in diets containing sorghum as the main source of energy on performance, carcass traits, meat color, and economic viability in slow-growth-broiler production.
MATERIAL AND METHODS
The study was conducted in a conventional shed divided into 48 pens measuring 1.5 m × 1.0 m. A total of 420 sexed day-old chicks of the Carijó Pesadão line were distributed in a completely randomized design according to a 2 × 7 factorial arrangement with three replicates of 10 birds per treatment. Studied factors were two sexes (male and female) and seven diets, wherein one had corn as the source of energy and the others contained sorghum as source of energy plus inclusion of 0, 3, 6, 9, 12, and 15% ASB.
The feeding program consisted of three phases: the starter phase (1 to 28 days), the grower phase (28 to 56 days) and the finisher phase (56 to 78 days). To calculate the experimental diets, the feed composition values presented by Rostagno et al. (2011) were considered, except for ASB, which contained 88.77% dry matter, 2,058 kcal/ kg (starter phase) and 2,813 kcal/kg (grower and finisher phases) of metabolizable energy corrected for the nitrogen balance, 13.46% crude protein, 12.81% acid detergent fiber, 32.94% neutral detergent fiber, 1.65% ether extract, 3.14% mineral matter, 0.18% calcium, 0.31% phosphorus, 0.61% total lysine, 0.21% total methionine, 0.38% total methionine+cystine, 0.09% total tryptophan, and 0.41% total threonine (values expressed in the fresh matter).
The nutritional requirements considered in the formulation were those proposed in the National Research Council -NRC (1994) for broilers. For each rearing phase, the diets (Tables 1, 2 , and 3) were formulated to be isonutritive and isoenergetic. Throughout the entire experimental period, birds received feed and water ad libitum and were maintained under a lighting program of 24 h of light until the end of the starter phase, and then under natural light only. Temperature and relative air humidity data were collected in the early morning (8:00 am) and late afternoon (4:00 pm) using a digital thermohygrometer, minimum and maximum mean values for room temperature and relative air humidity during the experimental period were 27.66 °C and 31.56 °C and 47.37% and 70.64%, respectively.
Studied variables were feed intake (g/bird), weight gain (g/bird), feed conversion (g/g), yields (%) of carcass, breast, drumstick+thigh and abdominal fat (%), relative weight of the liver (%), meat color, cost of diet (R$/kg gained), economic efficiency index (%) and cost index (%).
At the end of the experimental period (birds at 78 days of age), two birds from each plot were selected based on the plot's average weight, for slaughtering and evaluation of carcass characteristics. The chosen birds were identified and, after an 8-hour feed-deprivation period, they were slaughtered by cervical dislocation, bled, skinned (water at 60 ºC for 3 min), plucked, and eviscerated. Carcasses without head, neck, legs and viscera were weighed to determine the carcass yield in relation to the birds fasted body weight. Subsequently the carcasses were sectioned and the parts were weighed to determine the yields of breast and drumstick+thigh, and the percentage of abdominal fat, which were calculated as a function of the hot carcass weight. The relative weight of the liver was calculated as the ratio between the absolute weight of that organ and the body weight of the fasted bird.
To evaluate the color of the birds' breasts and thighs, through objective measurements, a Minolta CR300 colorimeter (Tokyo) was used, operating in the CIE (L*, a*, and b*) system, wherein L* is the lightness, which varies in a scale from 0 (black) to 100 (white); a* is the color intensity that varies from green (-60) to red (+60); and b* corresponds to the color intensity that varies from blue (-60) to yellow (+60) (Shimokomaki et al., 2006) . For the assessment, the measuring probe was placed in contact with the surface of the muscle from the breast and thigh at three different points, and the average was calculated for each portion.
Ciênc. Agrotec., Lavras, v.39, n.3, p.248-259, maio/jun., 2015 Guaranteed level per kg of product: 5,500,000 IU vitamin A, 500 mg vitamin B1, 7,500 mcg vitamin B12, 2,502 mg vitamin B2, 750 mg vitamin B6, 1,000,000 IU vitamin D3, 6,500 IU vitamin E, 1,250 mg vitamin K3, 25 mg biotin, 17.5 g niacin, 251 mg folic acid, 6,030 mg pantothenic acid, 50 mg cobalt, 3,000 mg copper, 25 g iron, 500 mg iodine, 32.5 g manganese, 100.05 mg selenium, 22.49 g zinc.
Ciênc. Agrotec., Lavras, v.39, n.3, , maio/jun., 2015 Guaranteed level per kg of product: 5,500,000 IU vitamin A, 500 mg vitamin B1, 7,500 mcg vitamin B12, 2,502 mg vitamin B2, 750 mg vitamin B6, 1,000,000 IU vitamin D3, 6,500 IU vitamin E, 1,250 mg vitamin K3, 25 mg biotin, 17.5 g niacin, 251 mg folic acid, 6,030 mg pantothenic acid, 50 mg cobalt, 3,000 mg copper, 25 g iron, 500 mg iodine, 32.5 g manganese, 100.05 mg selenium, 22.49 g zinc.
Ciênc. Agrotec., Lavras, v.39, n.3, p.248-259, maio/jun., 2015 To check the economic viability of substituting corn for sorghum and including levels of ASB in the diets, the cost of diet (CD) per kilogram of live weight gain was determined according to the equation proposed by Bellaver et al. (1985) . Next, the economic efficiency index (EEI) and the cost index (CI) proposed by Fialho et al. (1992) were calculated. Only the prices of the ingredients were considered in the calculation, as follows: 0.80, 1.60, 0.56, 0.50 and 2.80 Brazilian Reais (R$) for the kilogram of corn, soybean meal, sorghum, ASB and soybean oil, respectively, which were the prices adopted at the time of the experiment in the city of Fortaleza/ CE, Brazil.
The data were analyzed statistically on the Statistical Analyses System software (SAS, 2000) . Treatments data were initially subjected to analysis of variance in a factorial arrangement (2 sexes × 7 diets). Means between the diets were compared by the SNK test (5%) and means between the sexes were compared by the F test (5%). Next, a regression analysis was performed for the data obtained with the different inclusion levels of ASB.
RESULTS AND DISCUSSION
The average results for feed intake (FI, g/bird), weight gain (WG, g/bird) and feed conversion (FC, g/g) of the slow-growth broilers are shown in Table 4 . In the analysis of variance, it was found that there was no significant difference between the factors sex and diets on FI, WG and FC in any of the performance evaluation phases. It was also observed that the diets did not influence these variables significantly in the different phases. However, there was a difference between the sexes for FI and WG in all evaluated phases, and in FC in the phases from 1 to 56 and from 1 to 78 days of age. According to the regression analysis, inclusion of ASB from 3% did not affect FI, WG, or FC significantly in any of the performance evaluation phases.
The obtained results indicate that similarly to what has been reported for fast-growth broilers (Garcia et al., 2005; Rocha et al., 2008) , sorghum can be used as a total substitute to corn in the feeding of slow-growth broilers without impairing the animal performance. It is known that the metabolizable energy has been reported to be the main dietary factor affecting voluntary feed intake by birds (Freitas et al., 2011) ; thus, it can be inferred that the absence of a significant effect of inclusion of ASB on FI and consequently on WG and FC may be associated with the good evaluation of the feed's metabolizable energy, since diets were calculated to be isoenergetic, considering the metabolizable energy values of ASB determined for slow-growth broilers at different ages.
The effects obtained for inclusion of ASB in the slow-growth broilers partly corroborate those reported by Silva et al. (2005) , who evaluated inclusion (0.0, 2.5, 5.0, 7.5, 10, 12.5, and 15%) of ASB in diets formulated with corn as the main source of energy, on the performance of fast-growth broilers. The authors found that in the period from 1 to 47 days of age there was no significant effect on feed intake and weight gain; however, the ASB levels affected the feed conversion, wherein birds fed the diet containing 7.5% of inclusion of the by-product showed worse conversion than the control group (0%).
Regarding the effect of sex on performance, males showed greater feed intake and weight gain in all evaluated phases, and better feed conversion than females in the phases from 1 to 56 and 1 to 78 days of age. The results obtained for the difference between the performance of males and females in the present research are in agreement with those reported in the literature. Dourado et al. (2009) and Del Castilho et al. (2013) also found no significant effect only on feed conversion until 21 and 28 days of age, respectively. Santos et al. (2005) found that the growth rate and feed conversion of males and females of slow-growth lines are similar until 21 days of age and start to differ after the 28th day.
Researchers normally associate this of the results obtained for each sex to the physiologic differences between sexes, in which males show a more accelerated growth, with better use efficiency of the food, and consequently better feed conversion. Gonzales and Sartori (2002) reported that the differences found between males and females regarding the muscular development of broilers have a significant influence of hormonal factors, and thus, because males have more androgynous hormones responsible for the muscle anabolism they have a higher growth rate than females.
Mendes, Naas and Macari (2004) also state that females have shorter muscle fibers than males at the same age, such that the increase in the fiber diameter due to constant muscle exercise differs according to the sex, but it is greater in the male sex. In addition, males have longer small and large intestines, which provides them with a better nutrient-absorption ability, which explains the higher WG and FC than females (Takahashi et al., 2006 Inclusion of annatto seed...
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Ciênc. Agrotec., Lavras, v.39, n.3, p.248-259, maio/jun., 2015 For the carcass characteristics (Table 5) , it was found that there was no significant interaction between factors, sex, and diets on any of the evaluated parameters. It was also observed that treatments did not influence the evaluated carcass characteristics significantly. However, in the comparison between sexes, it was observed that carcass yield was not different between males and females, though females showed a greater yield of breast, percentage of abdominal fat, and relative weight of liver, whereas males showed a greater yield of drumstick+thigh.
The results obtained in the present study for the total substitution of corn by sorghum are similar to those reported in the literature. According to Garcia et al. (2005) , substituting corn by sorghum in broiler diets up to 100% did not cause significant differences in the yields of carcass, breast, and legs (drumstick+thigh).
However, the results obtained with inclusion of ASB partly differ from those obtained by Silva et al. (2005) . Although no significant effect was found on the percentage of abdominal fat of chickens, the researchers observed a linear decrease in the yield of carcass and percentage of drumstick as the level of ASB in the diet was elevated. The authors associated this result for carcass and cuts' yields with the increase in the proportion of the birds' gastrointestinal tract resulting from the increased dietary fiber caused by the elevation of the ASB level.
Effects inherent to the sexual dimorphism on yield variables of carcasses from slow-growth lines have also been reported by other researchers. Santos et al. (2005) , Takahashi et al. (2006) , Dourado et al. (2009), and Del Castilho et al. (2013) found that there was no significant difference in carcass yield between the sexes, but breast yield was higher for females and drumstick+thigh yield was higher in males. Higher relative weight of abdominal fat in females was observed by Santos et al. (2005) and Campello et al. (2009) . Ratio between weight of the organ and weight of the fasted live bird. Between sexes, means followed by different letters in the column differ by the F test (P<0.05).
Ciênc. Agrotec., Lavras, v.39, n.3, p.248-259, maio/jun., 2015 The higher relative weight of the liver observed in females may be directly associated with the greater deposition of abdominal fat in these birds. The development of the liver might have occurred due to the greater activity of this organ, since it participates actively in the lipid metabolism, or even by the deposition of a portion of available fat in the hepatocytes, for stocking. The differences in carcass characteristics, deposition of fat, and size of organs between the sexes may stem from different development patterns of the body tissues associated with the hormonal activity of each sex, as previously described for other species (Mahgoub et al., 2004) .
Based on the average results obtained for the meat color parameters -L* (lightness), a* (red color intensity), and b* (yellow color intensity) -of the breast and thigh of birds subjected to the different treatments (Table 6) , there was no significant interaction between the factors sex and diet on any of the color parameters evaluated in the birds' breast and thigh. in addition there was no significant difference between sexes for the meat color parameters. Yet, diets had a significant effect on the L*, a*, and b* of the breast and thigh.
The lightness (L*) of the breast of the poultry fed the diet containing corn as the main source of energy was similar to that of the meat from the birds fed the sorghum-based diet without addition of ASB. Regarding the thigh, however, the birds fed sorghum without ASB showed a higher L* value, indicating that their meat was less dark than those of the broilers fed corn. Addition of ASB at all levels resulted in a lower L* value for breast and thigh as compared with the meat from birds fed diets based on corn or sorghum without inclusion of ASB. Ciênc. Agrotec., Lavras, v.39, n.3, p.248-259, maio/jun., 2015 The a* values from breast and thigh did not differ between the birds fed diet containing corn without addition of ASB and those fed diets containing sorghum with levels of the by-product; however, the sorghum-based diet without the pigmenting agent provided a lower red color intensity (a*) for both parts, which confirms the sorghum pigmentation deficiencies.
The proportion of yellow color (b*) in the breast of birds fed the diet containing corn as the main source of energy was higher than that of the meat from birds fed the sorghum-based diet without addition of ASB. In the thigh, however, b* values did not differ among these treatments, though a higher value was recorded for the diet with corn. In the sorghum-containing diets, inclusion of ASB from 3% led to a higher b* value in the breast as compared with the diet containing sorghum without ASB, while in the thigh this difference was only significant with inclusion from 12%. Regarding the meat from birds fed the diet containing corn, inclusion of ASB provided similar values for yellow color intensity (b*) from 6% in the breast, and after 3% in the thigh. In the thigh, the b* value for inclusion of 15% of ASB was higher than that obtained with the diet containing corn.
Based on the regression analysis, the ASB at levels above 3% in sorghum-containing diets Contrary to the present study, Silva et al. (2005) reported that no effect of ASB was detected on the carcass pigmentation measured in the skin of the leg by the color-fan visual method. It should be noted that the researchers employed the inclusion of ASB in diets formulated with corn as the main source of energy. Harder et al. (2010) , in turn, reported the pigmenting potential of annatto seed, which improved the color of chicken meat after cooking. According to the authors, addition of 3% annatto seed led to a lower lightness (L*) value in the breast, indicating a darker meat than that from birds fed diets based on corn and soybean meal without addition of annatto. Although no significant difference occurred, parameters a* and b* of the breast were also higher for the birds fed diets containing 3% ASB. For the drumstick, researchers reported higher b* value with inclusion of 3% ASB without significant differences between the treatments for the L* and a* values.
Considering the results obtained in this study and those reported by Harder et al (2010) , it can be inferred that the darkening (lower lightness) of the color of the meat from the birds fed the diets containing sorghum and levels of ASB occurred mainly due to the significant increase in the proportion of the yellow (b*) color of the meat, since it was not as expressive for the red color (a*). This response regarding the effects of the annatto seed products on the meat color differ partly from those reported about the effects of these products on the yolk color, since besides reducing lightness (L*), the addition of annatto seed increased the a* and b* values (Hader et al., 2007; Garcia et al., 2009) .
Nevertheless, it can be affirmed that the total substitution of corn by sorghum in the diets for slowgrowth birds does not affect their performance and carcass characteristics, but may reduce the meat color tone. Thus, given that this type of bird has been raised to meet a market niche in which consumers seek meat with differentiated attributes, especially tougher texture and darker color, the total substitution of corn for sorghum is unfeasible. The inclusion of ASB from 3% in diets containing sorghum as the main source of energy, however, may solve the meat pigmentation problem, and its inclusion as an ingredient can reach 15%.
With regard to the economic viability (Table 7) , it was observed that there was no significant interaction between the factors sex and diets on any of the evaluated parameters; however, the cost of diet (CD), the economic efficiency index (EEI), and the cost index (CI) varied significantly between the sexes and among the diets received by the birds. The diet containing corn resulted in a higher CD and worse EEI and CI as compared with the others. However, there was no significant difference between the CD, EEI and CI values for the diets containing sorghum and the different levels of inclusion of ASB.
This result demonstrates the economic viability of substituting corn for sorghum in the feeding of these birds and including ASB to solve the meat pigmentation problem due to the total substitution of corn for sorghum in the diet. As for the effect of sex, males showed a lower CD, higher EEI, and lower CI than females, which was an expected result given the different physiology, use of nutrients, and the growth rate reported previously between the sexes.
Ciênc. Agrotec., Lavras, v.39, n.3, p.248-259, maio/jun., 2015 5 ANOVA = analysis of variance (P<0.05). Between diets, means followed by different letters in the column differ by the SNK test (P<0.05). Between sexes, means followed by different letters in the column differ by the SNK test (P<0.05).
CONCLUSION
Up to 15% ASB can be included in diets for slowgrowth birds containing sorghum as the main source of energy, and meat pigmentation problems can be reduced with total substitution of corn by sorghum and inclusion of ASB from 3%.
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